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Intrauterine growth restriction (IUGR) is the failure of fetuses to achieve their full growth potential, and is a
major cause of perinatal mortality and morbidity. The etiology of IUGR is multifactorial and is thought to include
a combination of maternal, environmental, fetal and placental factors with a resultant decrease in fetal growth.
Sildenafil citrate and transdermal nitroglycerin affect uteroplacental blood flow and potentiate fetal growth. The
objective of this study is to evaluate the effects of sildenafil citrate (SC) and transdermal nitroglycerin (GTN) in
management of intrauterine growth restriction. Fifty patients' singleton pregnancies (gestational age, 22-34
weeks) with IUGR in the present study were subjected to; complete history taking; clinical and blood pressure
evaluation. Ultrasonographic examination was done every 2 weeks including fetal biometry: Biparietal
Diameter "BPD", Head Circumference "HC", Abdominal Circumference "AC", HC/AC ratio, Femur Length "FL",
Estimated Fetal Weight "EFW" to monitor fetal growth and assessment of biophysical profile. We compared
every week mean arterial blood pressure (MAP) with Doppler ultrasound of the uterine (UtA), umbilical (UA) and
fetal middle cerebral (MCA) arteries in pregnancies with IUGR before and after the use of 20 mg sildenafil citrate
oral tablets twice daily or after application of a transdermal GTN (Novartis Ireland Limited) 5mg patch/day.
Statistical analysis was performed by ANOVA for paired samples. The use of sildenafil citrate or transdermal
GTN in pregnancies with IUGR is associated with non significant difference (>0.05) in demographic data, clinical
characteristics and baseline values of fetal biometry in the two treated groups of IUGR. There was a significant
reduction in PIl, Rl waveforms of UtA and UA arteries and MAP in pregnancies with IUGR after administration of
either SC or GTN therapy. No significant change in MCA Doppler was observed in both groups. IUGR patients
treated by either SC or GTN showed significant reduction in both UtA and UA Doppler wave (PI&RI) as well as
MAP, with no effect on MCA Doppler wave (PI&RI). Therapy with either Sildenafil citrate or GTN improves
uteroplacental (uterine arteries) and fetoplacental (umbilical arteries) circulation and potentiates fetal growth.
Sildenafil citrate could normalize the uteroplacental insufficiency with a favorable fetal outcome better than
GTN. Sildenafil citrate could be suggested as first line of the treatments for IUGR patients as it is cheaper, has
less maternal or fetal complications.
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INTRODUCTION

Intrauterine growth restriction (IUGR) is the failure of between 5 and 10% of human infants undergo IUGR (1).
fetuses to achieve their full growth potential. Currently, Diagnosis of IUGR is based on femur length; head
circumference, biparietal diameter, and abdominal
circumference up to 28 weeks gestation (2). After 20
weeks, the BPD may diverge from the correct gestational
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gestation. Because of this discrepancy, femur length is
frequently chosen as a dependable indicator of
gestational age in late pregnancy (3). Estimated fetal
weight is calculated using polynomial equations combing
BPD, femur length, and the abdominal circumference.
The most common formulas are those reported by
Hadloc et al . Using these formula, IUGR is typically
defined as estimated fetal weight less than thel0th, 5th,
or 3rd percentile for the gestational age or below2
standard devotions' of the mean for gestational age (5).
The most common etiology for IUGR is abnormal
placentation, which is frequently associated with impaired
placental blood flow causing inadequate maternal-fetal
circulation, with a resultant decrease in fetal growth (6).
Thus, research has been focused on devising preventive
and therapeutic strategies for IUGR and, specifically, on
developing therapies to improve placental development
and utero—placental blood flow (7).

In a normal pregnancy, the trophoblast produces nitric
oxide (NO) which plays an important role in vasodilatation
in the feto-placental circulation to improve oxygen and
nutritional supply to the fetus (8). In complicated
pregnancy by pre-eclampsia or IUGR, inflammation
caused placental hypoxia and endothelial dysfunction
associated with decreased release of NO and increased
phosphodiesterase type 5 (PDE-5) activity (9).

Nitric oxide relaxes vascular smooth muscle through a
cGMF-mediated pathway and NO synthase isoforms
have been identified in the uterus. Sildenafil citrate
(Viagra), a type 5-specific phosphodiesterase inhibitor,
augments the vasodilatory effects of NO on vascular
smooth muscle by preventing the degradation of cGMP
(10,11). Sildenafil citrate is considered a potential agent
in treating pregnant women with intrauterine growth
restriction or as a tocolytic agent helping maintenance of
pregnancy (12,13).

Different studies in rodent models have demonstrated
that SC administration during pregnancy prevents the
production of inflammatory cytokines, prevents fetal loss
(14), improves feto—placental blood flow and increases
fetal weight (15,16).

Glyceryl trinitrate (nitroglycerin, GTN) produces NO
through a biotransformation pathway and improved
Doppler indices and maternal blood pressure. However,
some of its limitations are the development of tolerance
and headache which can be reduced by intermittent
administration (17, 18).

The objective of this study was to evaluate the effects of
SC versus transdermal GTN on management of
intrauterine growth restriction.

PATIENTS AND METHODS

This was a prospective study conducted at Tanta
university Hospital from November 2014 to January 2016,
after research ethical committee approval and written

informed consent was taken from all patients included in
this study (2912/12/14).

The Study included fifty women with singleton pregnancy
suffering from IUGR diagnosed by either lag of two
weeks or more between the current biometric measures
and the documented pregnancy dating in the first
trimester or estimated fetal weight less than the 10th
percentile for gestational age. The inclusion criteria were:
age range between 20 -38 years; singleton pregnancy
with IUGR; gestational age between 22 - 34weeks; body
mass index (BMI) < 30 kg/m2; intact membranes. The
exclusion criteria were: Subject refusal; women with twin
pregnancy; women suffering from anemia; diabetes
mellitus; previous hypertension or other chronic diseases
of kidney; urinary tract infection; chronic liver; cardio
vascular disease and those who had fetal malformation;
known aneuploidy; syndrome or congenital infection;
known intolerance to sildenafil or GTN; serum creatinine
>1.0mg/dL and fetal death.

Gestational age was calculated from the date of the last
menstrual period and was confirmed by ultrasound
examination performed in the first half of the pregnancy.
Body mass index was defined as maternal weight divided
by maternal height squared (kg/m?®)(19).

Pregnant women with IUGR were randomly divided into
two groups 25 each. Women of the first group received
20 mg sildenafil citrate oral tablets twice a day. Women of
the second group had a 5mg transdermal GTN patch/day
(Novartis Ireland Limited) applied to the abdominal skin.
Sildenafil citrate and GTN doses were selected based on
the safety profile from previous studies (18).

All women included in the study on time of hospital
admission were subjected to; full history taking, general
and obstetric examination, and laboratory investigations
including blood grouping, Rh typing, complete blood
count (CBC), blood urea, serum creatinine, liver function
tests and complete urine analysis. Ultrasonographic
examination was done including fetal biometry every 2
weeks: Biparietal Diameter "BPD", Head Circumference
"HC", Abdominal Circumference "AC", HC/AC ratio,
Femur Length "FL", Estimated Fetal Weight "EFW" to
monitor fetal growth and assessment of biophysical
profile.

Doppler velocimetry on uterine (UtA), umbilical (UA) and
fetal middle cerebral arteries (MCA) were performed
immediately before and one week after medication and
repeated weekly till delivery. The examinations were
performed using a Samsung ultrasound machine; model
H60, USS- H60NF4K/WR (Samsung, Korea) with 3.5-
MHz and 5-MHz convex probes was used. The high-pass
filter was set at 100 Hz. The Doppler sample gate was
adjusted according to vessel diameter, and the insonation
angle was maintained as close to zero as possible.
Pulsatility index (Pl) and Resistive index (RI) were
automatically calculated by the equipment. Examinations
were carried out with the patients in the semi-Fowler
position to avoid orthostatic hypotension. Scans of the



vessels were obtained during fetal inactivity, during
periods of apnea and in the absence of uterine
contractions.

The sequence in which the vessels were examined was
uterine arteries followed by umbilical artery and then fetal
MCA. Doppler flow velocimetry of the uterine arteries was
performed according to the usual technique.
Measurements were obtained from the ascending
branches of the right and left UtAs at the point of
apparent crossing with the external iliac arteries. For the
umbilical artery, velocimetry was carried out on a free
loop at the midpoint between the placental and
abdominal insertions of the vessel, and for the MCA it
was performed in an axial section of the brain at the level
of the circle of Willis.

Maternal arterial blood pressure was measured using a
sphygmomanometer (mercury column, always on the left
arm, with the patient sitting and with the fourth Korotkoff
sound used to determine diastolic blood pressure). Mean
arterial blood pressure (diastolic pressure+1/3 (systolic
pressure—diastolic pressure) was used for comparisons
between studied groups (18). Finally, all data were
entered into and stored in a database. The
sonographically measured Doppler indices obtained were
correlated with each other and statistically analyzed by
ANOVA test (Analysis of Variance- version 17), where
description of quantitative variables as range; mean and
standard deviation (SD); description of qualitative
variables as number and percentage were done and
compared with MAP before and after administration of
therapy.

RESULTS

Analysis was carried out on 50 women with singleton
pregnancy suffering from IUGR divided into 2 equal
groups. First group received 20 mg sildenafil citrate oral
tablets twice a day and second group had a 5mg
transdermal GTN/day applied to the abdominal skin.
Table 1 summaries the Demographic data, clinical
characteristics and baseline values in two groups of
IUGR, showing no significant difference (>0.05).

There were no significant difference between both
studied groups regarding rate of increase of BPD, HC,
AC, FL, but significant increase in rate of EFW per 2
weeks was detected after SC compared to transdermal
GTN (Table 2).

There was a significant decrease in the Pl and RI of the
uterine and umbilical arteries after using sildenafil or
transdermal GTN, but no significant change was
observed in the PI or the Rl of MCA and in amniotic fluid
index (AFI). Mean arterial blood pressure decreased
significantly after administration of both sildenafil and
transdermal GTN (P<0.05). When comparing the two
study groups, there was no significant difference after
administration of either sildenafil or transdermal GTN
therapy (Table 3, Fig.).
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There was no significant difference in GA at delivery
between the two treated groups. In the present study
sildenafil citrate showed more increase in birthweight of
newborns than that in transdermal GTN treated group.
No fetal tachycardia or bradycardia, or neonatal deaths in
any of the studied groups, but neonatal complications
and maternal adverse effects were more pronounced in
transdermal GTN than in SC group. Headache was the
most common side-effect met with during treatment with
GTN (Table 4).

DISCUSSION

Fetal growth restriction (FGR) is the single most
important contributor to perinatal mortality in non-
anomalous fetuses (20). Significant research efforts have
gone into improving the diagnosis and definition of IUGR,
surveillance and antenatal management, however
uncertainties regarding the optimal timing of delivery in
IUGR persist (21).

Our study shows that sildenafil citrate and transdermal
GTN application given to pregnant women with [UGR are
effective in decreasing the resistance to blood flow in the
uteroplacental  (UtAs) and fetoplacental (UASs)
circulations, as well as MAP, with no change in
resistance to blood flow in the fetal cerebral circulation
(MCA). Such finding coincided with those of Johal et al
and Panda et al ®** . These drugs could be of beneficial
use as antihypertensive drugs in cases of placental
vascular insufficiency.

Sildenafil citrate is increasingly used in the pregnant
patient for the treatment of pulmonary hypertension in
pregnancy, a disease associated with poor maternal and
fetal outcome (24). Its safety and efficacy in this setting,
combined with its lack of teratogenic or feto-toxic effects
even at very high dosages in animal studies, increase its
use for the treatment of pulmonary hypertension in
pregnancy, as well as cases of IUGR (25).

There is increased myometrial small artery
vasoconstriction and decreased endothelium-ependent
vasodilatation in vessels from women whose pregnancies
are complicated by FGR. Sildenafil citrate significantly
reduces vasoconstriction, improves relaxation of FGR
small arteries, and improves endothelial function of
myometrial vessels from women whose pregnancies are
complicated by intrauterine growth restriction. Sildenafil
citrate may offer a potential therapeutic strategy to
improve uteroplacental blood flow in FGR pregnancies as
previously reported by Wareing et al®® . The vasodilator
properties of sildenafil were important to us, as a
decrease in maternal blood pressure without a
concomitant increase in blood flow in the UtA could
aggravate placental underperfusion.

Transdermal GTN application was similar to SC caused
significant reduction in the Rl and PI of the uterine and
umbilical arteries, as well as of maternal blood pressure,
without any effect on the RI and PI of the fetal middle
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Table 1. Demographic data of the studied groups.

Data Sildenafil Citrate | Transdermal GTN | P Value
(n=25) (n=25)

Maternal age (years)

Range 20-38 21-38

(MeanzSD) 28.76+4.70 29.52 +4.97 0.635

Gravidity

Range 0-5 0-4 0.077

(MeanzSD) 2.8+1.22 2.92+1.07

Parity

Range 0-4 0-4

(Mean+SD) 1.72+1.27 1.76£1.2 0.828

Gestational age (weeks)

at admission

Range 22-34 24-34 0.328

(MeanSD) 27.92+4.01 26.52+3.31

Body mass index (kg/m?)

Range 18-30 20-30

(Mean+SD) 24.56+4.15 25.16+3.06 0.252

Fetal weight at admission (g)

Range 500-1880 650-1850

(MeanSD) 908.8+ 327.71 994+276.78 0.991

GTN =Glyceryl trinitrate; n= number; SD= Standard deviation.

Table 2. Comparing both groups regarding rate of increase in BPD, HC, AC, FL, and rate of increase of EFW per 2

weeks.
Data (Mean+SD) Sildenafil (n=25) Transdermal GTN (n=25) P. value

BPD/2W (mm)
Range 3-8 3-8
(Mean+SD) 5.4+ 1.60 5.32+ 1.65 0.698
HC/2W (mm)
Range 5-22 6-21
(Mean+SD) 14.36+5.46 14.08+ 4.48 0.064
AC/2W (mm)
Range 9-30 8-30 0.516
(Mean+SD) 19.28+ 5.74 20.60+ 4.91
FL/2W (mm)
Range 2-8 2-12 0.830
(Mean+SD) 5.04+1.48 5.36+2.25
EFW/2W (9)
Range 65-130 70-120 0.036*
(Mean+SD) 83.4+19.02 81.2+16.60

GA= Gestational age; BPD = Biparietal Diameter; HC= Head Circumference; AC= Abdominal circumference;

EFW= Estimated fetal weight.

cerebral artery. Such finding was similar to those of
Trapani ™8 Transdermal GTN produces nitric oxide (NO)
through a biotransformation pathway (17). Nitric oxide
plays an important role in vasodilatation in the feto-
placental circulation to improve oxygen and nutritional
supply to the fetus (27).

This study shows that sildenafil citrate and transdermal
GTN application are effective in decreasing the
resistance to blood flow in the uteroplacental and

fetoplacental circulations, as well as mean maternal
blood pressure in patients with IUGR with no change in
resistance to blood flow in the fetal cerebral circulation
MCA). Such findings coincided with those of Luzi et al
B indicating that the fetal cerebral arterial vascular
tonus is not dependent on external nitric oxide supply.
When fetal hypoxemia occurs, there is a decrease in
cerebral vascular resistance as a defense mechanism
(29). In the present study sildenafil citrate
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Table 3. Comparison of Pl and RI of Uterine, Umbilical, Middle cerebral arteries, MAP and AFI of the studied groups.

Parameter SC (n=25) Transdermal GTN P. correlation
(Mean+SD) (n=25) after
Before After Before After SCvs.GTN

UtAPI 1.38+0.23 0.930.24 1.43+0.25 0.91+0.24

0.920
P.value 0.035 0.021
UtARI 1.09+0.28 0.72+0.15 1.4+0.25 0.66+0.16

0.890
P.value 0.016 0.012
UA PI 0.98+0.11 | 0.73+0.03 1.000.17 | 0.72+0.09
P. value 0.019 0.053 0.896
UARI 0.78+0.08 | 0.55+0.11 0.84+0.06 | 0.65+0.14
P. value 0.052 0.048 0.692
MCA PI 1.64+0.11 | 1.65+0.15 1.72+0.09 | 1.67+0.08
P. value 0.360 0.92 0.675
MCA RI 0.79+0.13 ] 0.71+0.02 0,78+0.12 | 0.71+0.06
P. value 0.532 0.219 0.861
MAP 120.4+6.71 | 108.2+1.68 125.4+4.01 | 103.81+6.40
P. value 0.0037 0.023 0.931
AFI 6.38+1.04 | 7.24+1.16 6.14+1.48 | 6.44+0.93 0.360
P. value 0.074 0.805

Pl=pulsatility indices; RI= resistance indices; MAP =Maternal arterial blood pressure; AFI = amniotic fluid
index; SC =Sildenafil citrate; GTN= Glyceryl trinitrate or nitroglycerin; vs. = versus

Comparison of SCves. GTN on PI &Rl of Ut & UA
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Fig. Comparison between the two study groups according to the mean Ut and UA (PI

and RI).

showed more increase in fetal weight than that after the
use of transdermal GTN patch and that coincided with the
results of Bruschettini et al %,

Fetal and maternal side effects were more pronounced
after GTN administration than after SC and this could be
the main limiting factor for use of GTN in clinical
application. Headache was the most common side effect,
observed in 32% of the patients receiving sildenafil citrate

and in 56% of patients with a GTN patch. Similar results
have been reported in other studies (31).

Despite a few negatives studies, sildenafil citrate has
shown promise in vitro as well as in animal studies in the
treatment of both IUGR (7), and pre-eclampsia (32).We
have not performed a negative control to cases of IUGR
in order not to bother and harm the patients by using
placebo that were only for comparison and not treatment,
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Table 4. Comparing both groups regarding gestational age at delivery, birthweight of newborns, fetal and maternal

complications.

Data (MeanSD) Sildenafil (n=25) Transdermal GTN | P.value
(n=25)

GA at delivery (weeks) 35.2+0.83 32.4+2.6 0.368

Birthweight of newborns (g) 1848.89+175.460 172444+ 281.341 0.207

Fetal complications (N.%0)

¢ RD syndrome e 6(24) * 9(36)

e Infection ® --me- * 2(8)

e Hypotension ® --me- * 2(8)

e Pneumothorax o 1(4) o 1(4)

e Convulsion * ——- e 1(4)

e Intraventricular hemorrhage o 1(4) o 3(12)

Maternal complications (N.%o)

e Headache e 3(32) o 14 (56)

¢ Visual disturbances e 5(20) e 8(32)

e Epigastric pain e 5(20) e 6(24)

e Vomiting e 3(12) o 4(16)

e Postpartum hemorrhage o —--em o 1(4)

GA= Gestational age, RD syndrome= Respiratory distress syndrome.

as we used the parameters of cases before SC and
transdermal GTN as the negative control.

Overall there does not appear to be any severe adverse
maternal side effects nor any increase in the rate of
neonatal anomalies after SC compared to GTN during
management of IUGR. Further studies with larger sample
size are needed to fully verify that Sildenafil citrate has a
better therapeutic profile with fewer complications than
that of GTN.
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